Building Renovation with Interior Insulation on Solid Masonry Walls in Denmark – A study of the Building Segment and Possible Solutions  by Odgaard T.,  et al.
1876-6102 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL
doi: 10.1016/j.egypro.2015.11.003 
 Energy Procedia  78 ( 2015 )  830 – 835 
ScienceDirect
WK,QWHUQDWLRQDO%XLOGLQJ3K\VLFV&RQIHUHQFH,%3&
%XLOGLQJUHQRYDWLRQZLWKLQWHULRULQVXODWLRQRQVROLGPDVRQU\ZDOOVLQ
'HQPDUN±$VWXG\RIWKHEXLOGLQJVHJPHQWDQGSRVVLEOHVROXWLRQV
7RPP\2GJDDUGDE6¡UHQ3HWHU%MDUO¡YD&DUVWHQ5RGHD0LFKDHO9HVWHUO¡NNHE
D7HFKQLFDO8QLYHUVLW\RI'HQPDUN'HSDUWPHQWRI&LYLO(QJLQHHULQJ%URYHM.RQJHQV/\QJE\'HQPDUN
E&2:,$63DUDOOHOYHM.RQJHQV/\QJE\'HQPDUN
$EVWUDFW
7KHVHJPHQWVL]HRIWKH'DQLVKPXOWLVWRU\EXLOGLQJVWRFNIURPWKHSHULRGLVHVWDEOLVKHGWKURXJKDXQLTXHPDMRUGDWDEDVHPDQDJHG
E\WKH'DQLVKDXWKRULWLHV7KHRXWFRPHLOOXVWUDWHVDODUJHVHJPHQWZLWKDSDUWPHQWXQLWVGLVWULEXWHGRYHUXQLTXHEXLOGLQJVDOO
VKDULQJFKDUDFWHULVWLFJHRPHWU\5HGXFWLRQRIDYHUDJH8YDOXHIRUWKHH[WHULRUIDoDGHLVLQYHVWLJDWHGLQGLIIHUHQWGLPHQVLRQVLQVXODWLRQGHJUHHV
DQGWKLFNQHVVHV7KHDQDO\VLVVKRZVWKDWFRPSDUHGWRLQVXODWLRQRIRQO\WKHLQILOOZDOOVEHORZZLQGRZVIXOO\FRYHULQJLQVXODWLRQ\LHOGVIXUWKHU
DYHUDJH8YDOXHUHGXFWLRQ7KHODUJHVHJPHQWSRVHVDUJXPHQWVIRUUHVHDUFKLQWRFKDOOHQJHVUDLVHGE\IXOOVXUIDFHLQVXODWLRQ
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH&(1752&21*5(66,,17(51$=,21$/(65/
.H\ZRUGVUHWURILWLQWHULRULQVXODWLRQWKHRUHWLFDODQDO\VLVVDYLQJSRWHQWLDOVHJPHQWDQDO\VLV%%5
,QWURGXFWLRQ
7RPHHW WKH JHQHUDO VWULYH WR UHGXFH IRVVLO IXHOV DV DQ HQHUJ\ VRXUFH LQEXLOGLQJV RQH RI WKHPHWKRGV LV WR DSSO\ WKHUPDO
LQVXODWLRQ$SSURSULDWHOHYHOVRILQVXODWLRQRIQHZEXLOGLQJVDUHUHJXODWHGE\OHJLVODWLRQLQ'HQPDUNEXWEXLOGLQJVIURPUHFHQW
GHFDGHVRQO\ UHSUHVHQWD OLPLWHG IUDFWLRQRI WKHHQWLUH'DQLVKEXLOGLQJ VWRFN7KHH[LVWLQJEXLOGLQJ VWRFNHVSHFLDOO\ IURP WKH
\HDUV EHIRUH  LV FRQVLGHUHG WR UHSUHVHQW D KXJH SRWHQWLDO IRU HQHUJ\ VDYLQJV EDVHG RQ WKH VL]H RI WKH VHJPHQW DQG WKH
SRWHQWLDORIW\SLFDOEXLOGLQJVLQWKHVHJPHQW>@
7KHEHVWVROXWLRQ IURPDEXLOGLQJSK\VLFVSRLQWRIYLHZLV WR LQVXODWH WKHH[WHULRUVLGHRIH[LVWLQJEXLOGLQJV>@([WHULRU
LQVXODWLRQ LV KRZHYHU QRW VXLWDEOH LQ DOO VLWXDWLRQV$ W\SLFDO H[DPSOH LV ZRUWKWRSUHVHUYH EXLOGLQJV ZKHUH SUHVHUYDWLRQ RI
RULJLQDODUFKLWHFWXUDOIHDWXUHVRIWKHH[WHULRUIDFDGHDUHPDQGDWRU\>@,QWKHVHJPHQWRIZRUWKWRSUHVHUYHEXLOGLQJVRFFXSDQWV
DUHDEOH WRREWDLQDQ LQGRRUFOLPDWHDQGFRPIRUW WKDWPHHWPRGHUQUHTXLUHPHQWV WKURXJK LQWHULRU LQVXODWLRQ+RZHYHU LQWHULRU
LQVXODWLRQV\VWHPVKDYHDUDQJHRIGLVDGYDQWDJHVWKDWPXVWEHDFNQRZOHGJHG7KHUPDOEULGJHVDUHQRWFRPSOHWHO\HOLPLQDWHG
5HGXFWLRQRIWKHLQGRRUVSDFH$OWHUDWLRQRILQWHULRUH[SUHVVLRQ,QWURGXFLQJULVNRIKLJKPRLVWXUHVWDWHLQWKHPDWHULDOV
7KHWUDGLWLRQDO'DQLVKPXOWLVWRU\EXLOGLQJVIURPWKHSHULRGLVFKDUDFWHUL]HGE\DODUJHGHJUHHRIUHSHWLWLRQZLWK
WKHVDPHVWDQGDUGEXLOGLQJWHFKQLTXHXVHGLQFRPSOHWHGLVWULFWVRIWKHFLWLHV7KHEXLOGLQJVZHUHW\SLFDOO\PDGHZLWKIDFDGHVRI
EULFNZLWKRUZLWKRXWUHQGHUDQGZLWKVRPHZRRGHQPHPEHUVHJDVVXSSRUWVRIWKHIORRUEHDPV7KHIORRUGHFNVZHUHPDGH
ZLWKZRRGHQEHDPV WKDW VSDQSHUSHQGLFXODUO\EHWZHHQ WKH IDoDGHVKDGZRRGHQ IORRUERDUGVRQ WRSZRRGHQ IXUULQJEHORZDV


&RUUHVSRQGLQJDXWKRU7HO
(PDLODGGUHVVWRRJ#FRZLGN
Available online at www.sciencedirect.com
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL
 Tommy Odgaard et al. /  Energy Procedia  78 ( 2015 )  830 – 835 831
XQGHUOD\IRUWKHUHQGHUHGFHLOLQJDQGFOD\SXJJLQJEHWZHHQWKHEHDPV7KLVH[WHQVLYHXVHRIZHOOSURYHQWHFKQLTXHVRULJLQDWHV
IURPVWULFWOHJLVODWLRQDWWKHWLPHEDVHGRQGHWDLOHGUHJXODWLRQUHJDUGLQJWKHLUFRPSRVLWLRQDGPLQLVWHUHGE\WKHORFDODXWKRULWLHV
>@ :KLOH WKH EXLOGLQJV LQ JHQHUDO DUH EXLOW DIWHU WKH VDPH JHRPHWU\ DQG FRQVWUXFWLRQ SULQFLSOHV HDFK VLQJOH EXLOGLQJ LV
FKDUDFWHUL]HGE\JHRPHWULFDOGLIIHUHQFHVEHWZHHQWKHIORRUV7KHVHSULQFLSOHVDUHEDVHGRQWKHJRDORIKDYLQJVPDOOHVWSRVVLEOH
GLPHQVLRQVWR\LHOGWKHKLJKHVWIORRUVSDFHDQGORZHVWPDWHULDOXVDJH
:LWKWRGD\¶VLQFUHDVLQJIRFXVRQUHGXFWLRQRIHQHUJ\FRQVXPSWLRQKRXVLQJIURPWKLVSHULRGKDVUHFHLYHGLQFUHDVLQJDWWHQWLRQ
GXHWRWKHODUJHSRWHQWLDOIRUHQHUJ\DQG&2VDYLQJ>@7KHGHWDLOHGUHJXODWHGGHVLJQPDNHVLWSRVVLEOHWRGHYHORSDJHQHUDO
PHWKRG WR LQVXODWH WKLV VHJPHQW HYHQ WKRXJKPDQ\ FRQVWUXFWLRQ GHWDLOV DQG ODUJH GLIIHUHQFHV RI WKH IDoDGH JHRPHWU\ DW WKH
LQGLYLGXDOIORRUVPDNHLWQHFHVVDU\WRDGMXVWWKHLQGLYLGXDOVROXWLRQV
7KHWUDGLWLRQDO'DQLVKPXOWLVWRU\KRXVLQJ\HDU
7KHILUVW³PRGHUQ´EXLOGLQJFRGHLQ'HQPDUNWRRNHIIHFWLQ7KLVFROOHFWLRQRIUHJXODWLRQVZDVJURXQGEUHDNLQJGXHWR
FOHDUIRUPXODWLRQVFRYHULQJFRQVWUXFWLRQGHWDLOVDQGFKRLFHRIPDWHULDOV$WWKHVDPHWLPHWKHFRGHZDVWKRXJKWWKURXJKLQVXFK
DPDQQHUWKDW WKHJHQHUDOGLPHQVLRQVDQGFRQVWUXFWLRQWHFKQLTXHVGLGQRWFKDQJHXQWLO WKH¶VZKHUHDQHZEXLOGLQJFRGH
ZDV SDVVHG DQGPDWHULDOV VXFK DV FRQFUHWH DQG VWHHO EHFDPH FRPPRQO\ XVHG >@ ,QLWLDOO\ WKH EXLOGLQJ OHJLVODWLRQ DSSOLHG WR
FRQVWUXFWLRQV LQ &RSHQKDJHQ EXW ZDV TXLFNO\ DGDSWHG WR WKH UHJLRQDO ERURXJKV RI 'HQPDUN 7KH FRQVHTXHQFH RI WKLV VWULFW
EXLOGLQJ OHJLVODWLRQ LV WKDW EXLOGLQJV IURP WKH SHULRG  DUH JHQHUDOO\ EXLOW DIWHU WKH VDPH SULQFLSOHV EXW JUDGXDOO\
FKDQJLQJWRPRUHPRGHUQEXLOGLQJPHWKRGVWKURXJKWKHODVW\HDUVRIWKHSHULRG
2QH LPSRUWDQWSDUDPHWHUZKLFKZDVGHILQHG LQ WKHEXLOGLQJFRGH LV WKHFRPSRVLWLRQRI WKH IDoDGH LQFOXGLQJ WKLFNQHVVRI
ORDGEHDULQJZDOOFROXPQVDQGGLPHQVLRQVRILQILOOZDOOVXQGHUWKHZLQGRZV7KHWKLFNQHVVRIWKHZDOOFROXPQVYDULHVWKURXJK
WKHEXLOGLQJDQGLVGHILQHGDVVKRZQLQ)LJDZLWKòEULFNVDWWKHKLJKHVWIORRUDQGLQFUHDVLQJGRZQZDUGVDVLOOXVWUDWHGLQ
WKHILJXUH:LQGRZVDUHVLWXDWHGEHWZHHQWKHZDOOFROXPQVDQGLQILOOZDOOVILOOWKHIDoDGHLQWKHDUHDVEHWZHHQWKHZLQGRZVDQG
WKHIORRUGHFNVDVLOOXVWUDWHGLQ)LJE7KHLQILOOZDOOVDUHRIVSHFLDOLQWHUHVWVLQFHWKH\DUHDOZD\VEULFNWKLFNUHJDUGOHVVRI
WKHIORRUQXPEHUDQGWKXVFRQVWLWXWHWKHWKLQQHVWSDUWRIWKHIDoDGH7KHZDOODERYHWKHZLQGRZKDVDWKLFNQHVVFRUUHVSRQGLQJWR
WKHFROXPQVL]HDWWKHJLYHQIORRU7KHEXLOGLQJFRGHIXUWKHUVWDWHGDPD[LPXPSHUPLVVLEOHGHJUHHRISHQHWUDWLRQRIWKHIDFDGHV
WR EH  LQ WKH KRUL]RQWDO GLUHFWLRQ DQG  LQ WKH YHUWLFDO GLUHFWLRQ 7KLV PD[LPXP DOORZDQFH UHVXOWHG LQ YHU\ SHUIRUDWHG
IDFDGHVDVLOOXVWUDWHGLQ)LJE	)LJF
)LJEVKRZVWKHRXWHUOHDIRIDW\SLFDOFRQVWUXFWLRQIURPWKHUHOHYDQWWLPHSHULRGZLWKWKHPD[LPXPDOORZHGSHQHWUDWLRQ
GHJUHHDQGPLQLPXPVL]HRIFROXPQDQGLQILOOZDOO7KLVKLJKGHJUHHRISHQHWUDWLRQLVW\SLFDOIRUWKHSHULRG7KHILJXUHFOHDUO\
LQGLFDWHV WKH KLJK FRPSOH[LW\ LQ JHRPHWU\ RI WKH W\SLFDO EXLOGLQJ DQG WKDW GLPHQVLRQDO FRQGLWLRQ IRU DVVHVVPHQW RI KHDW
WUDQVPLVVLRQWKRXJKWKHZDOOVDUHUDUHO\SUHVHQWLQSUDFWLFH7KHRQO\SODFHZKHUHODUJHXQGLVWXUEHGZDOODUHDVDUHSUHVHQWLVLQ
WKHJDEOHVEXWWKHVHDUHJHQHUDOO\EXLOWWRJHWKHUZLWKWKHQH[WEXLOGLQJDQGWKHKHDWORVVRIWKHJDEOHZDOOLVWKHUHE\QHJOLJLEOH
$ ILJXUH VKRZLQJ D W\SLFDO H[WHULRU VXUIDFH RI D FRQVWUXFWLRQ IURP WKH UHOHYDQW SHULRG LV VKRZQ LQ )LJ F+DWFKHV DUH
LQFOXGHG LQ WKH ILJXUH WR LQGLFDWHDUHDVZKHUH LQWHULRU LQVXODWLRQ LVQRWDSSOLFDEOH7KH\HOORZKDWFKHVPDUNZLQGRZV WKH UHG
KDWFKHV VKRZ WKHSRVLWLRQRI VROLG LQWHULRUZDOOV IRU GLYLVLRQ RI ILUH FHOOV WR QHLJKERULQJ DSDUWPHQWVVWDLUFDVHV WKHEOXHKDWFK
VKRZWKHSRVLWLRQRILQWHULRUZDOOVZKLFKFRXOGEHHLWKHUWLPEHURUVROLGPDVRQU\ZDOOVWKHJUHHQKDWFKLQGLFDWHWKHSRVLWLRQRI
WKHIORRUVWUXFWXUH
D E F



)LJD7KLFNQHVVRIZDOOFROXPQVLQEULFNV>@E0D[LPXPSHQHWUDWLRQRIRXWHUOHDI>@F([WHULRUYLHZRIEXLOGLQJRULJLQDOSKRWRE\-(QJHOPDUN
832   Tommy Odgaard al. /  Energy Procedia  78 ( 2015 )  830 – 835 
0HWKRGIRULQYHVWLJDWLRQ
7KHLQYHVWLJDWLRQRISRVVLELOLWLHVIRUDSSOLFDWLRQRILQWHULRULQVXODWLRQZLOOEHVSOLWLQWRWZRSDUWV)LUVWWKHDPRXQWRIUHOHYDQW
EXLOGLQJVDQGDSDUWPHQWVDUHDGGHGXSWKURXJKDPDMRUGDWDEDVHPDQDJHGE\WKH'DQLVK*RYHUQPHQW1H[WWKHSRVVLEOHDUHDV
IRUDSSOLFDWLRQRILQWHULRULQVXODWLRQLQWKHVLQJOHDSDUWPHQWVDUHGHWHUPLQHGWKURXJKNQRZOHGJHDERXWWKHFRQVWUXFWLRQOHJLVODWLRQ
WKDWZDVLQIRUFHDWWKHWLPHRIFRQVWUXFWLRQ
,QYHVWLJDWLRQRIVHJPHQWVL]HWKURXJK7KH%XLOGLQJDQG'ZHOOLQJ5HJLVWHU'DQLVKDEEUHYLDWLRQ%%5
7KH%%5UHJLVWHULVDQDWLRQDOUHJLVWHUDGPLQLVWUDWHGDWDJRYHUQPHQWDOPLQLVWU\OHYHOZKLFKFRQWDLQVLQIRUPDWLRQUHJDUGLQJ
DOOEXLOGLQJVLQ'HQPDUN>@7KHUHJLVWHUZDVHVWDEOLVKHGLQEDVHGRQTXHVWLRQQDLUHVWRDOORZQHUVEXWKDVFRQWLQXRXVO\
EHHQXSGDWHGDQGH[WHQGHGVRLWQRZLQFOXGHVGDWDUHJDUGLQJSK\VLFDOSURSHUWLHVRIWKHXQLWVXVDJHUHQWEXLOGLQJVHUYLFHVDQG
PRUH7KHGDWDLVXVHGE\DOOOHYHOVRIDXWKRULWLHVDQGSULYDWHFRPSDQLHVLQFOXGLQJEDQNVDQGXWLOLW\FRPSDQLHV7KLVZLGHXVDJH
RIWKHUHJLVWHUDQGWKHH[WHQVLYHIHHGEDFNDQGFRQWULEXWLRQVLWJHWVIURPWKHPDQ\XVHUVLVDVVXPHGWRNHHSDPLQLPXPWKHULVNRI
SRVVLEOHHUURUVLQWKHGDWDEDVH
,QWKHSUHVHQWDUWLFOHWKHUHJLVWHULVXVHGWRLQYHVWLJDWHWKHVHJPHQWVL]HRIUHOHYDQWPXOWLVWRU\GZHOOLQJVLQ'HQPDUNZKHUH
LQWHULRULQVXODWLRQFRXOGEHDPHDQWRHQKDQFHRFFXSDQWFRPIRUWDQGUHGXFHHQHUJ\FRQVXPSWLRQ
7KHRUHWLFDOKHDWIOX[PRGHOVEDVHGRQ'DQLVKFRQVWUXFWLRQOHJLVODWLRQ
$VSUHVHQWHGLQ6HFWLRQWKHEXLOGLQJVFRQVWUXFWHGLQWKHSHULRGKDYHWKHVDPHJHQHUDOFRPSRVLWLRQGHILQHGE\
VWULFWOHJLVODWLRQ7KHJHQHUDOZRUNLQJSURFHGXUHLQWKHSHULRGZDVDUFKLWHFWVGLPHQVLRQLQJWKHPXOWLVWRU\EXLOGLQJVJHQHUDOO\WR
WKHOLPLWRIUXOHVFRGHVZKLFKZHUHVWDWHGLQVKRUWKDQGERRNV(QJLQHHUVZHUHUDUHO\LQYROYHGLQVWDQGDUGPXOWLVWRU\EXLOGLQJ
RQO\LIVSHFLDOGHWDLOVZHUHQHHGHG'XHWRWKLVIRUPRIZRUNPRVWRIWKHEXLOGLQJVLQWKHSHULRGZHUHFRQVWUXFWHGZLWKWKHVDPH
JHQHUDOFKDUDFWHULVWLFV7KHEXLOGLQJVW\OHRIWKH'DQLVKPXOWLVWRU\EXLOGLQJVKDVEHHQH[WHQVLYHO\UHVHDUFKHGE\-(QJHOPDUN
>@UHVXOWLQJLQH[WHQVLYHGRFXPHQWDWLRQDERXWWKHFRPSRVLWLRQRIWKLVW\SHRIEXLOGLQJV
$UDQJHRIGLIIHUHQWDQGGLPHQVLRQDOPRGHOVWKDWUHSUHVHQWWKHFKDUDFWHULVWLFJHRPHWU\RIWKHVHJPHQWLOOXVWUDWHGLQ
)LJE	)LJFDUHVHWXS LQ WKHVLPXODWLRQVRIWZDUH&2062/0XOWLSK\VLFV >@7KHPRGHOVDUHXVHG WRFDOFXODWH WKH
WKHRUHWLFDO KHDW ORVV UHGXFWLRQ ZKLFK FDQ EH DFKLHYHG E\ DSSO\LQJ YDU\LQJ GHJUHHV DQG WKLFNQHVV RI LQWHULRU LQVXODWLRQ WR
FKDUDFWHULVWLFGHWDLOVRIWKHIURQWEDFNIDFDGHV

7KHPRGHOVDUHFRQVWUXFWHGZLWKV\PPHWU\OLQHVWKURXJKWKHZDOOFROXPQVDQGFRQVLVWRIWKHIROORZLQJ
• GLPHQVLRQDOPRGHOWKURXJKWKHEULFNLQILOOZDOO
• GLPHQVLRQDOPRGHOEHWZHHQWZRKDOIZDOOFROXPQVż7KHPRGHOKDVDZLGWKRIP
• GLPHQVLRQDOPRGHOEHWZHHQWZRKDOIZDOOFROXPQVDQGXSSHUORZHUSDUWRIIORRUGHFNVWUXFWXUHZLWKDZLQGRZż7KHPRGHOKDVDQH[WHULRUZDOOVXUIDFHDUHDRIPDIWHUVXEWUDFWLQJWKHZLQGRZDUHDż7KHZLQGRZKDVDKHLJKWRIPDQGDZLGWKRIP

 DQGGLPHQVLRQDOPRGHOVDUHDEEUHYLDWHGDV³G´³G´DQG³G´LQJUDSKVDQGFDSWLRQWH[W

,QVXODWLRQLVDSSOLHGLQWKHGLIIHUHQWPRGHOVDVEHLQJHLWKHUSDUWO\LQVXODWHGZKHUHRQO\ WKHLQILOOZDOOEHORZWKHZLQGRZLV
LQVXODWHGDVLOOXVWUDWHGLQ)LJD	)LJFRUDIXOOLQVXODWLRQZKLFKFRYHUVWKHHQWLUHLQWHULRUVXUIDFHDVLOOXVWUDWHGLQ)LJ
E
7KHPRGHOVZLWKGLIIHUHQWLQVXODWLRQGHJUHHVZLOOEHDEEUHYLDWHGLQJUDSKVDQGFDSWLRQWH[WDV³SDUWO\´IRUPRGHOVZLWKRQO\
SDUWO\FRYHULQJLQILOOLQVXODWLRQDQG³IXOO\´IRUPRGHOVZLWKLQVXODWLRQFRYHULQJWKHHQWLUHLQWHULRUVXUIDFH

7KHWKHUPDOFRQGXFWLYLW\RIWKHPDWHULDOVLQWKHPRGHODUHPDLQO\REWDLQHGIURPWKH'HOSKLQPDWHULDOGDWDEDVH>@DV
• 0DVRQU\EULFNPRUWDUȜ :P.
• 7KHUPDOLQVXODWLRQȜ :P.
• :RRGȜ :P.
• 6DQG\FOD\XVHGLQWKHSXJJLQJȜ :P.

7KHSURSHUWLHVRIDLUDUHEXLOWLQLQ&2062/0XOWLSK\VLFV>@7KHKHDWWUDQVIHUWKURXJKWKHDLULVWKHUHE\QRWOLPLWHGWR
FRQGXFWLYLW\EXWDOVRLQFOXGHVUDGLDWLRQDQGFRQYHFWLRQGHSHQGLQJRQWKHGLPHQVLRQVRIWKHREMHFW
7KHKHDWIOX[WKURXJKWKHZLQGRZLVVXEWUDFWHGIURPWKHWRWDOKHDWIOX[RIWKHPRGHOPDNLQJWKH8YDOXHXQLPSRUWDQW
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,QWKHDQGGLPHQVLRQDOPRGHOVIRUZDOOVWKDWDUHIXOO\FRYHUHGZLWKLQVXODWLRQDVODQWHGLQVXODWLRQERDUGZLWKDWKLFNQHVV
RIPPLVXVHGDWWKHVLGHVRIWKHFROXPQDQGDURXQGWKHZLQGRZLOOXVWUDWHGLQ)LJE,QWKHPRGHOZLWKPPLQVXODWLRQ
WKLV VODQWHG LQVXODWLRQ LV RQO\  PP DV ZHOO 7KH PRGHOV LQ WKLV DUWLFOH DUH EDVHG RQ D ZDOO FROXPQ GHSWK RI  EULFNV
FRUUHVSRQGLQJWRWKHWUDGLWLRQDOFRQVWUXFWLRQDWWKHVHFRQGDQGWKLUGIORRUIURPWKHWRS
5HVXOWV
6HJPHQWDQDO\VLVWKURXJKWKH%%5
7KH%%5GDWDEDVHLVXVHGWRHYDOXDWHWKHDPRXQWRIPXOWLVWRU\EXLOGLQJVZKLFKH[LVWLQ'HQPDUN7KHGLVWULEXWLRQRIPXOWL
VWRU\ DSDUWPHQWV VRUWHG DIWHU EXLOGLQJSHULRG DQG VWRULHV LQ WKHEXLOGLQJV DUH HYDOXDWHG LQ7DEOH 7KH EXLOGLQJ SHULRGV DUH
LQVSLUHGE\:LWWFKHQ	(QJHOPDUN>@DQGUHSUHVHQWVKLIWVLQEXLOGLQJVW\OH
$VLWFDQEHVHHQLQ7DEOHDODUJHSURSRUWLRQRIWKH'DQLVKPXOWLVWRU\EXLOGLQJVRULJLQDWHIURPWKHSHULRG7KLV
SHULRGIXUWKHUUHSUHVHQWVODUJHKHDWFRQVXPSWLRQDVWKHEXLOGLQJVZHUHFRQVWUXFWHGZLWKRXWFRQVLGHUDWLRQVRIWKHUPDOLQVXODWLRQ
7KHFRQVWUXFWLRQVWKHUHE\KDYHDODUJHSRWHQWLDOIRUHQHUJ\VDYLQJ>@7KHODVWSDUWRIWKHSHULRGGLIIHUVVOLJKWO\
IURP WKH ILUVW SDUW ZLWK D EHJLQQLQJ XVH RI FDYLW\ ZDOOV DQG FRQFUHWH VWUXFWXUHV EXW JHRPHWULHV JHQHUDOO\ IROORZ WKH VDPH
SULQFLSOHVDVWKHHDUOLHUSHULRG
7KHGDWD LQ7DEOHDUH OLPLWHGVRRQO\DSDUWPHQWVVLWXDWHG LQEXLOGLQJVKLJKHU WKDQUHDOVWRULHVDUH LQFOXGHG WRH[FOXGH
PLQRUVWRU\WRZQKRXVHVVSOLWYHUWLFDOO\EHWZHHQKRXVHKROGV8VHGEDVHPHQWDQGDWWLFVSDFHLVQRWLQFOXGHGLQWKHGHILQLWLRQ
RIWKHQXPEHURIVWRULHV
,QYHVWLJDWLRQRIKHDWIOX[WKURXJKVLPXODWLRQ
7KHFDOFXODWHGDYHUDJH8YDOXHDQGFRUUHVSRQGLQJUHGXFWLRQVIURPVLPXODWLRQRIWKHGLIIHUHQWPRGHOVSUHVHQWHGLQ6HFWLRQ
DUH LOOXVWUDWHG LQ)LJ7KH VSHFLILF KHDW IOX[ WKURXJK WKHZLQGRZ LV VXEWUDFWHG IURP WKH WRWDO KHDW IOX[ WKURXJK WKHH[WHULRU
IDoDGHDQGWKHUHVXOWLQJVSHFLILFKHDWIOX[IRUWKHZDOOLVGLYLGHGE\WKHZDOODUHDRIWKHFRQVWUXFWLRQWRREWDLQWKHDYHUDJH8
YDOXHVRIWKHZDOOV
7KHUHGXFWLRQVDUHGHILQHGDVWKHGLIIHUHQFHEHWZHHQWKHDYHUDJH8YDOXHRIWKHRULJLQDOXQLQVXODWHGPRGHOFRPSDUHGWRWKH
DYHUDJH8YDOXHRIWKHLQVXODWHGPRGHOVZLWKLQFUHDVLQJLQVXODWLRQWKLFNQHVV
7DEOH6HJPHQWDQDO\VLVQXPEHURIPXOWLVWRU\EXLOGLQJVDQGDSDUWPHQWV'DWDGUDZQRQ
6RUWLQJFULWHULD  VWRULHV VWRULHV VWRULHV VWRULHV 6XP
0XOWLVWRU\GZHOOLQJEULFNIDoDGH %XLOGLQJV     
 $SDUWPHQWV     
0XOWLVWRU\GZHOOLQJEULFNIDoDGH %XLOGLQJV     
 $SDUWPHQWV     
$OOPXOWLVWRU\GZHOOLQJVLQ'HQPDUN %XLOGLQJV     
 $SDUWPHQWV     
)LJ([DPSOHVRIXVHGPRGHOVDGSDUWO\LQVXODWLRQRILQILOOZDOOEGIXOO\LQVXODWLRQFGSDUWO\LQVXODWLRQRILQILOOZDOO
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
'LVFXVVLRQ
6L]HRIVHJPHQW
$VSUHVHQWHGLQ6HFWLRQWKHVHJPHQWRIEXLOGLQJVLQ'HQPDUNZLWKEULFNIDFDGHVIURPWKHSHULRGLVYHU\ODUJH
ZLWKDSDUWPHQWXQLWVGLVWULEXWHGRYHUXQLTXHEXLOGLQJV7KLVVHJPHQWLVEDVHGRQWKHVDPHFRQVWUXFWLRQPHWKRGV
ZLWK PLQRU DOWHUDWLRQV ZKLFK PDNHV JHQHUDO VWUDWHJLHV IRU DSSOLFDWLRQ RI LQVXODWLRQ SRVVLEOH IRU D ODUJH QXPEHU RI
DSDUWPHQWVEXLOGLQJV 7KH EXLOGLQJV IURP WKH ODWWHU SHULRG  ZLWK EULFN IDFDGHV DUH IXUWKHU VKRZQ LQ 7DEOH  ZLWK
 DSDUWPHQWV GLVWULEXWHG RYHU  XQLTXH EXLOGLQJV 7KH VKDUHG EXLOGLQJ VW\OH GRHV KRZHYHU LQGLFDWH WKDW HQHUJ\
UHIXUELVKPHQW VWUDWHJLHV IRU WKHSHULRGEXLOGLQJVFDQEHXVHG WR VRPHH[WHQWDOVR LQEXLOGLQJV IURP WKH
SHULRGWRLQFUHDVHRFFXSDQWFRPIRUWDQGGHFUHDVHHQHUJ\FRQVXPSWLRQ
7KHODUJHVHJPHQWRIEXLOGLQJVIURPWKHSHULRGVDQGPDNHVLWSRVVLEOHWRGHYHORSDVHULHVRIPHWKRGV
SURYHQ WRZRUNIRU WKHEXLOGLQJVW\OHXQGHUGLIIHUHQWERXQGDU\FRQGLWLRQVVXFKDVRULHQWDWLRQZLQGGULYHQUDLQ ORDGPDWHULDO
SURSHUWLHVDQGWKHFRQGLWLRQZHDUDQGWHDURIWKHEXLOGLQJLQFOXGLQJFRQVLGHUDWLRQRISRVVLEOHFUDFNVLQWKHIDoDGH
(QHUJ\VDYLQJSRWHQWLDOLQVLPXODWHGILHOGVEHWZHHQWZRFROXPQV
7KHGHYHORSHG&2062/PRGHOVLQ6HFWLRQDUHXVHGWRHYDOXDWHWKHUHVXOWLQJDYHUDJH8YDOXHDQGFRUUHVSRQGLQJ8YDOXH
UHGXFWLRQZKHQDSSO\LQJGLIIHUHQWGHJUHHVRILQVXODWLRQ7KHUHVXOWVIURPWKHVHPRGHOVDUHLOOXVWUDWHGLQ)LJ$GLPHQVLRQDO
PRGHOLOOXVWUDWLQJWKHWKHRUHWLFDOKHDWORVVUHGXFWLRQRIWKHWKLQLQILOOZDOOLVVKRZQDVDUHIHUHQFH$VPHQWLRQHGLQ6HFWLRQ
GLPHQVLRQDOKHDWIOX[LVQRWUHDVRQDEOHWRDVVXPHIRUWKHIDFDGHGXHWRWKHPDQ\FRQVWUXFWLRQGHWDLOVRIWKHROGEXLOGLQJV
7KH  DQG GLPHQVLRQDO PRGHOV DUH HYDOXDWHG EDVHG RQ WZR GLIIHUHQW LQVXODWLRQ VWUDWHJLHV SUHVHQWHG LQ VHFWLRQ  DQG
LOOXVWUDWHGLQ)LJD)LJEDQG)LJF7KHUHVXOWVRIWKHVLPXODWLRQVLQ)LJVKRZDQHQHUJ\VDYLQJSRWHQWLDOIRUWKH
ZDOOSDUWRIWKHIDoDGHRIXSWRE\WKHDSSOLFDWLRQRIPPLQWHULRULQVXODWLRQ,WLVVHHQWKDWWKHGLPHQVLRQDOPRGHOVLQ
JHQHUDORYHUHVWLPDWHWKHUHGXFWLRQLQDYHUDJH8YDOXHLQERWKLQVXODWLRQVWUDWHJLHVFRPSDUHGWRWKHPRUHGHWDLOHGGLPHQVLRQDO
PRGHO,WFDQIXUWKHUEHVHHQWKDWWKHGLPHQVLRQDOPRGHOVRQO\\LHOGDPLQRUGLIIHUHQFHEHWZHHQSDUWO\DQGIXOO\FRYHULQJRI
WKHLQWHULRUVXUIDFHZLWKDQDGGLWLRQDODSSUR[LPDWHO\UHGXFWLRQE\IXOODSSOLFDWLRQRILQVXODWLRQDVLOOXVWUDWHGLQ7DEOH
7KHGLPHQVLRQDOPRGHOVJLYHVD VLJQLILFDQWO\GLIIHUHQWSLFWXUHZLWKD ODUJHGLIIHUHQFHEHWZHHQ IXOO\DQGSDUWO\ FRYHULQJ
LQVXODWLRQRI WKH LQWHULRUDUHD$V LOOXVWUDWHG LQ7DEOH WKLVVXJJHVWV WKDW WKHKHDW IOX[UHGXFWLRQFDQEHGRXEOHGRUPRUHE\
JRLQJIURPRQO\LQVXODWLQJWKHLQILOOZDOOWRIXOO\FRYHULQJWKHLQWHULRUVXUIDFH
7DEOH,QFUHDVHLQKHDWIOX[UHGXFWLRQIURPSDUWO\WRIXOO\FRYHULQJLQVXODWLRQVWUDWHJ\
,QVXODWLRQWKLFNQHVV PP PP PP PP
GIOX[LQFUHDVHIURPSDUWO\WRIXOO\LQVXODWLRQVWUDWHJ\    
GIOX[LQFUHDVHIURPSDUWO\WRIXOO\LQVXODWLRQVWUDWHJ\    
)LJ$YHUDJH8YDOXHIRUH[WHULRUZDOODUHD,QVXODWLRQWKLFNQHVV	PP)XOO\ IXOO\LQVXODWHGIDFDGHSDUWO\ LQVXODWLRQRQO\RILQILOOZDOO
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
7KHODUJHGLIIHUHQFHVEHWZHHQWKHWZRLQVXODWLRQVWUDWHJLHVRFFXUGXHWRWKHPDQ\H[WUDGHWDLOVWKDWDUHLQFOXGHGZKHQJRLQJ
IURPWRGLPHQVLRQDOVLPXODWLRQ(YHQWKRXJKWKHKHDWIOX[WKURXJKWKHZLQGRZLVH[FOXGHGIURPWKHUHVXOWVWKHKHDWIOX[
LPSRVHGIURPWKHJHRPHWU\RIWKHZDOODURXQGWKHZLQGRZ\LHOGVDVLJQLILFDQWLQFUHDVH7KHGHFOLQLQJUHGXFWLRQLQDYHUDJH8
YDOXHZLWKLQVXODWLRQWKLFNQHVVLQ7DEOHLVEHOLHYHGWRGHULYHPDLQO\IURPWKHPD[LPXPLQVXODWLRQWKLFNQHVVRIPPDWWKH
VLGHVRI WKHFROXPQZDOO7KLVPD[LPXP LQVXODWLRQ WKLFNQHVVRIPPZLOO UHVXOW LQD VLJQLILFDQWKHDW IOX[ZKLFKFDQQRWEH
DYRLGHG7KHIORRUVWUXFWXUHLVQRWLQFOXGHGLQWKHGLPHQVLRQDOPRGHODVZHOO7KHIORRUVWUXFWXUHLVUDUHO\RSHQHGDQGLQVXODWHG
ZKHQSHUIRUPLQJ UHIXUELVKPHQW RIPXOWLVWRU\EXLOGLQJV LQ'HQPDUNZKLFK HQWDLO WKDW WKHUHZLOO EH DQXQLQVXODWHGZDOO DUHD
EHWZHHQWKHIORRUDQGURRIERDUGV
%DVHGRQWKHODUJHGLIIHUHQFHDQGFOHDUGLVWLQFWLRQEHWZHHQDQGGLPHQVLRQDOUHVXOWVLQ)LJDQG7DEOHLWFDQIXUWKHU
EHFRQFOXGHGWKDWGLPHQVLRQDODQDO\VLVLVQHHGHGWRREWDLQUHDOLVWLFUHVXOWV
&RQFOXVLRQ
7KH LQYHVWLJDWLRQ SHUIRUPHG LQ WKH SUHVHQW DUWLFOH VKRZV D ODUJH VHJPHQW RI PXOWLVWRU\ EXLOGLQJV ZLWK EULFN IDoDGHV LQ
'HQPDUNIURPWKHSHULRG7KHDSDUWPHQWXQLWVGLVWULEXWHGRYHUXQLTXHEXLOGLQJVDUHDOOFRQVWUXFWHG
EDVHGRQWKHVDPHVWULFWOHJLVODWLRQZLWKUHVXOWLQJVLPLODUJHRPHWULHV7KHODUJHVHJPHQWDQGELJVLPLODULW\SURYLGHDQDUJXPHQW
WKDWJHQHUDOVROXWLRQVWRZDUGVUHGXFLQJHQHUJ\FRQVXPSWLRQFRXOGEHWKRURXJKO\GHYHORSHGWRVWUHDPOLQHWKHIXWXUHSURFHVVRI
UHWURILWWLQJ WKHEXLOGLQJV7KHIDFDGHZDOOSDUWRI WKHEXLOGLQJVKDVEHHQVKRZQWRFRQWDLQDQHQHUJ\VDYLQJSRWHQWLDORIXS WR
ZLWKPP LQVXODWLRQ7KHUH LV VRPHSRWHQWLDO IRU HQHUJ\ VDYLQJE\ DSSO\LQJ LQVXODWLRQ WR WKH LQILOOZDOO EHQHDWK WKH
ZLQGRZVLQWKHIDoDGHEXWDODUJHUVDYLQJFDQEHREWDLQHGE\SHUIRUPLQJDIXOO\FRYHULQJLQWHULRULQVXODWLRQ%DVHG
RQWKHODUJHGLIIHUHQFHDQGFOHDUGLVWLQFWLRQEHWZHHQDQGGLPHQVLRQDOUHVXOWV LQ)LJ LWFDQIXUWKHUEHFRQFOXGHGWKDW
GLPHQVLRQDODQDO\VLVLVQHHGHGWRREWDLQUHDOLVWLFUHVXOWV
,WVKRXOGEHQRWHGWKDWWKHSUHVHQWLQYHVWLJDWLRQLVSXUHO\EDVHGRQKHDWIOX[IXUWKHULQYHVWLJDWLRQGHYHORSPHQWLVQHHGHGWR
HQVXUHRFFXSDQWFRPIRUWIURPFROGVXUIDFHVDQGK\JURWKHUPDOVDIHW\LQGHVLJQRILQWHULRULQVXODWLRQVWUDWHJLHV

7KHUHWURILWWLQJRILQVXODWLRQWRWKHHQWLUHLQWHULRUVXUIDFHKDVSUHYLRXVO\VKRZQWREHDODUJHDQGFRPSOH[RSHUDWLRQZLWKKLJK
FRVW LQYROYHG DV WKH ILWWLQJ RI LQVXODWLRQ QHHGV WR EH WKRURXJK WR OLPLW WKH LQWURGXFWLRQ RI WKHUPDO EULGJHV DQG UHSRVLWLRQ RI
WHFKQLFDOLQVWDOODWLRQVDQGZRRGHQSDQHOV'XHWRWKHODUJHVLPLODULW\EHWZHHQEXLOGLQJVIURPWKHUHOHYDQWSHULRGFRPELQHGZLWK
WKHODUJHVL]HRIWKHVHJPHQWWKLVFRXOGEHDQDUJXPHQWIRUWKHGHYHORSPHQWRIWKRURXJKVROXWLRQVZKLFKFRXOGEULQJGRZQWKH
XQFHUWDLQW\DQGVWUHDPOLQHWKHSURFHVVRIUHWURILWWLQJLQVXODWLRQWRWKHEXLOGLQJVHJPHQW
$FNQRZOHGJHPHQWV
0DQ\WDONVZLWK-HVSHU(QJHOPDUNFRQFHUQLQJWKHEXLOGLQJVW\OHDQGGHWDLOVRI'DQLVKPXOWLVWRU\EXLOGLQJVIURP
DUHJUHDWO\DFNQRZOHGJHG
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'DQLVK%XLOGLQJ5HVHDUFK,QVWLWXWH$DOERUJ8QLYHUVLW\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